SUMMARY Azygos venous blood flow and other haemodynamic parameters were measured in 14 cirrhotic patients to investigate the effects of a non-shunting operation, oes6phageal transection with paraoesophagogastric devascularisation. Azygos venous blood flow measured by the local continuous thermal dilution method was significantly reduced by 13.8% after the operation (428 (41) v 369 (33) ml/min). Hepatic venous pressure gradient (HVPG) was also significantly decreased from 14.5 (0-8) to 12.8 (0.7) mmHg (-11.8%). Cardiac output and routine liver tests did not change remarkably postoperatively. In this haemodynamic study before and after non-shunting operation, moderate but significant decreases were seen in azygos venous blood flow and portal pressure (HVPG), without substantial changes in systemic circulation. This suggests that blood flow through the portosystemic collaterals other than oesophageal varices may be decreased but still adequate after the operation. Well preserved portosystemic collaterals without oesophageal varices are thus considered an optimally balanced state after non-shunting operation.
In patients with portal hypertension, measurement of the azygos venous blood flow has recently been shown to provide a quantitative estimation of blood flow through superior portosystemic collaterals draining into the azygos venous system.' Although azygos venous blood flow change caused by some pharmacological agents, such as propranolol,' vasopressin,4 metoclopamide and domperidone,' has been investigated, there have been few reports on the effects of surgical procedures for portal hypertension.
In this study, we examine the effects of oesophageal transection with paraoesophagogastric devascularisation`7 on azygos venous blood flow in patients with liver cirrhosis.
Methods

PATI ENTS
Fourteen patients (10 men, aged 32-70 years (54.2)) suffering from cirrhosis of the liver were included in this study (Table 1 ). All showed severe portal hypertension with large oesophageal varices. The diagnosis was confirmed by intraoperative liver biopsy. The aetiology of the disease was alcoholic in three patients and non-alcoholic in 11. HBs antigen was positive in three of the 11 non-alcoholic patients. The size of the oesophageal varices was examined endoscopically, and the form of the varices (F) was classified according the general rules for recording endoscopic findings on oesophageal varices of the Japanese Research Society for Portal Hypertension.S pecifically, Fl: straight shaped varices; F2: slightly enlarged tortuous varices occupying less than onethird of the oesophageal lumen; F3: the largest size varices which are coil shaped and occupy more than one-third of the oesophageal lumen.
In all patients except one (case 7), direct operation involving splenectomy with oesophagogastric devascularisation and oesophageal transection was performed without any resulting complications. Hassab's procedure -that is, splenectomy with oesophagogastric devascularisation9 was undertaken in case 7. In case 4, partial liver resection was also performed for an accompanying small hepatocellular carcinoma.
A control group for comparative analysis was 1396
Effects of oii-s liiiaitinl operati.oti on a. vgos venous blood flow iti cirrhotic patients The position of the catheter was checked by x-ray examination so that the postoperative study in each patient could be made under a similar condition. The constant rate of infusion of the indicator (5% dextrose) ranged from 30 to 40 mI/min.
Azygos venous blood flow was calculated using the continuous thermal dilution equation, Blood flow (ml/min)=
Here, F(I) is the rate of indicator infusion, 1.08 is a constant representing the ratio between the density and specific heat of 5% dextrose and blood, T(B) is the baseline azygos blood temperature (C), T(I) is (Table 3) Preoperative azygos venous blood flow ranged from 136 to 785 ml/min with an average of 428 (41), being raised to approximately three times the amount of the non-cirrhotic controls (163 (31) ml/min, n=4, p<002, Table 2 ). Azygos venous blood flow was significantly reduced by 13.8% after the operation (p<0-02). The postoperative value (369 (33) ml/min) was still significantly higher than the non-cirrhotic controls (p<002). No correlation was apparent between the azygos venous blood flow change and splenic weight.
OT HER HAEMODYNAMIC PARAMETERS BEFORE AND AFTER OPERATION
A moderately significant decrease in HVPG from 14 5 (0.8) to 12-8 (0.7) mmHg (a change of 11-8%, p<0-02) was seen after the operation. Both values were significantly higher than those of the control group (p<0-01). On the other hand, cardiac output did not significantly change postoperatively (from 6-11 (0.50) to 6-74 (0.65) 1/min). AzBF/CO(%) was significantly reduced by 19.7% (from 7-63 (1.06) to 6-13 (0.85)%, p<0-05) after the operation.
SIZE OF VARICES AND ROUTINE LIVER IESTS BEFORE AND AFFER OPERA'FION
The preoperative size of oesophageal varices is given in Table 1 . They disappeared completely in 12 patients. Small -that is, Ft varices still existed in case 4 (with hepatocellular carcinoma) and in case 7 (after Hassab's operaton). Routine liver tests including S-bilirubin, S-AST, S-ALT, S-cholincsterase and prothrombin time did not significantly change after the non-shunting operation.
Discussion
Satisfactory results of the operation consisting of oesophageal transection, spienectomy and oesophagogastric devascularisation have been welldocumented,' and some reports have appeared conccrning portographic changes after the surgical procedure." To clarify the portosystemic collateral changes that take place after the operation, azygos venous blood flow and other haemodynlamic parameters were measured before and after the operation. Although the significant reduction in azygos venous blood flow after surgery might be considered quite convincing, the postoperative values were still unexpectedly high compared with those of the noncirrhotic controls. The most likely explanation for thcsc results is as follows: the azygos system drains not only the blood which lies in the oesophageal varices but also the paraoesophageal and mediastinal channels.' After the surgical procedure, blood flow through the oesophageal varices and some parts of the paraoesophageal collaterals is extirpated. Variceal blood flow has recently been reported as possibly being low in some patients with cirrhosis because Doppler ultrasound probes have shown that variceal blood velocity varied in both directions according to respiration.'' If variceal blood flow is low in spite of the apparent size of the varices, oesophageal transection will contribute only slightly to reducing azygos venous blood flow.
Some parts of the paraoesophageal collaterals are also interrupted after oesophagogastric devascularisation. Preserved -that is, not devascularised -parts of paraoesophageal collaterals and mediastinal channels are considered to be the major collaterals draining into the azygos system one month after the operation. As this study, spienic weight ranged 145 to 510 g, with an average of 314 g, which is relatively small. The mean spienic blood flow, which is considered to be equal to the inflow reduction just after spienectomy, is thus calculated to be from 140 to 220 ml/min. It must also be kept in mind that alterations in superior mesenteric arterial flow in response to inflow reduction after spienectomy affect the portal circulation." We suggest that after the operation superior mesenteric and hepatic arterial blood flows be increased to maintain sufficient perfusion for the cirrhotic liver.
The haemodynamic effects of the non-shunting operation are summarised in the Figure. In this haemodynamic study before and after the operation, moderate but significant decreases were seen in azygos venous blood flow and portal pressure (HVPG), with no substantial changes noted in systemic circulation. Well preserved hepatic blood flow"' and portosystemic collaterals without oesophageal varices are thus considered an optimally balanced state after the operation. 
